Background, Aims, Settings and Design: Poor adherence to oral maintenance chemotherapy can cause relapse of acute lymphoblastic leukemia (ALL). A multicenter study for the evaluation of adherence to oral 6-mercaptopurine (6-MP) maintenance chemotherapy for childhood ALL in Egypt to identify contributing factors and possible steps to promote adherence.
INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most common malignancy encountered at the pediatric age group, one in four cancerous children is affected with AL in the United States. [1] Although survival rates for childhood ALL have improved significantly over the past 50 years, so that the current 5-year survival rate in developed countries exceeds 85%, [2] a substantial number of children and adolescents continue to relapse, greatly increasing the risk of mortality.
Results of ALL treatment in developing countries have been inferior to those obtained in developed countries, even if the same protocols were used. Treatment nonadherence can be an important cause contributing to this substantial aggravation of the disease, [3] higher death rates and increased health care costs. [4] Our aim was, therefore, to evaluate the adherence and adherence to oral maintenance anti-metabolite chemotherapy in leukemic children in Egypt, and to identify underlying contributing factors and the possible steps to promote adherence.
MATERIALS AND METHODS
The current study was conducted on 129 children and adolescents on maintenance therapy for ALL attending the Pediatric Oncology Unit, Children Hospital during the period from January 2012 to March 2013. This study was approved by the Research and Ethical Committees of the previously mentioned hospitals. All recruited children received 6-mercaptopurine (6-MP) orally for at least 10 days (oral daily 6MP and oral weekly administration of methotrexate) according to the modified Children's Cancer Group 1991 protocol.
As required by this protocol of therapy, we did regular follow-up visits on a weekly basis where laboratory follow-up was done, and weekly medications were provided free of charge. The protocol was discussed with the patients and/or their parents and informed consent was obtained.
At the same visit, adherence was assessed by a specific questionnaire for the patients or their caregivers and the serum 6-MP level was measured by thin layer chromatography which is considered to be a simple, quick, and inexpensive procedure (Stoddard et al., 2007) .
The used questionnaire included the following Age at diagnosis and remission; family data: Total number, number of siblings, socioeconomic status, residence, cost to come to the hospital and time spent at each visit; feeding habits, leisure activities, and cultural activities; details about caregiver: Her/his education level, her/his knowledge about the illness and what will happen if the patient did not receive his maintenance therapy and if they received written instructions about maintenance therapy; maintenance medications given: Time, regularity, time, and number of occasions on which the patient did not receive the dose and what procedure has been adopted on such occasions.
Statistical analysis
Comparisons between groups were made with the use of Wilcoxon rank-sum test, Kruskal-Wallis test, and Mann-Whitney for continuous variables. The significance of the correlation between two independent parameters was determined by the Spearman test. All statistical tests of significance were two-tailed with a type I error. Analyses were performed using SAS statistical software (SAS Institute, Cary, NC, USA).
RESULTS
One hundred and twenty-nine children on maintenance anti-neoplastic therapy for ALL were included in the current study. The description of the patient population studied is shown in Table 1 .
Nonadherence to medications was detected in 55.81% by questionnaires; ≥2 doses omitted. In 87.5%, this was within the last month. Mothers were the caregivers in 88% of patients. Around 94% of parents were well-informed about the illness of their children and the consequence of stopping 6-MP despite the fact that 50% did not receive written instructions for treatment. For 71% of the families a visit at their hospital caused moderate to the high cost to come to the hospital high, and 72% spent a moderate to long time at each visit [ Table 2 ].
Forgetfulness was the main cause of nonadherence (47%) followed by refusal to take the drug, negligence, drug unavailability, and medical staff error [ Table 3 ].
All patients were analyzed for serum 6-MP as another way of evaluation of adherence. The median serum 6-MP level in our series was found to be 9.3 ng. According to Lennard et al. , the detected serum 6-MP levels can be divided into four quartiles as shown in Table 4 . About 50% of patients were in the 1 st and 2 nd quartiles with serum levels <9.3 ng, and among these negative results were obtained in 19%, very low levels (<4.5 ng) in 12%, and low levels in 19% of 65 patients [ Table 4 ]. Based on experience with other diseases, we know that children often fail to follow important diets or treatment schedules. It is, therefore, illogical to assume that just because they have a life-threatening disease, young patients with leukemia will all reliably take pills every day without failure for 2 years when they (mostly) are in normal health. [19] Previous reports on children and adolescents with ALL, estimated nonadherence in 2-52% of cases. [16, 18, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] We assumed that doses of anti-metabolites, frequency of their use, socioeconomic status, education, family size, and others can all be contributing factors for failure of maintenance treatment, reason why we conducted the current study to assess nonadherence in our cohort to the prescribed oral anti-neoplastic maintenance therapy and to evaluate possible contributing factors.
Adherence is a complex subject that plays an important part in clinical practice. It can be assessed through indirect methods (patient or parental reports, physician opinion, pill count, etc.) or direct methods (drug levels in biological samples). [30] In our cohort, we used both the indirect questionnaire method along with the direct measurement of serum 6-MP levels.
In our cohort, around 56% admitted that they have omitted more than 2 doses of 6-MP and around 88% of the noncompliants stated that it was within the last 1 month. This could still be underestimated, given that self-reports of nonadherence with medical prescriptions are generally more reliable than self-reports of adherence. In addition, if either family or patient admits in an interview that the failure occurred, it is possible that the event might have been more frequent. [30] The best data on nonadherence come from studies where drug or drug metabolite concentrations have been measured. In the current study, we used the questionnaire method, as a simple, cost-effective, and easy to apply screening method while measuring serum 6-MP level as a confirmatory objective method. Serum 6-MP was measured in the morning after a supposed evening dose. This method detected nonadherence in around 50% of patients.
A study similar to ours was carried in South Africa measuring the urinary excretion of 6-MP and showed that some patients had no trace of the drug. [11, 27, 28] They found wide variations in the levels of 6-MP metabolites in their children studied. These studies and ours reveal that a substantial number of children with ALL fail, totally or intermittently, to take their oral 6-MP.
When adherence is assessed, and the patient is aware of monitoring, it seems that the outcome may be different as there will be a significant increase in their regularity of tablet taking. In our study, we eliminated this factor as the patients were informed about the protocol of the study and the consent There was a highly significant correlation between nonadherence as found by the questionnaire and 6-MP level (P -0.001).
Nonadherence was highly significantly associated with low socioeconomic standard, noneducation and low educational level by both, the questionnaire and the 6-MP level (P -0.001).
Large families with five or more members showed a significant association with nonadherence by both the questionnaire and 6-MP level with a P -0.02 and 0.04, respectively.
Significant association with nonadherence was observed with those who needed more money to come for follow-up visits by the questionnaire but not serum 6-MP level with P -0.03 and 0.09, respectively.
Adolescent age, those with more number of siblings, those who consumed more time in each visit and those who did not receive written instructions were all associated with higher rates of nonadherence, but none of them reached a statistically significant value [ Table 5 ].
DISCUSSION
Treatment for childhood ALL requires a prolonged maintenance phase that relies on self-or parent-administered daily oral anti-metabolite chemotherapy given over a period of about 2 years. [5, 6] Systemic exposure to 6-MP, during the maintenance phase of therapy, is a critical component of curative regimens for ALL. [7] [8] [9] When patients relapse, the maintenance component of treatment has probably failed for some reasons. [5] Potential determinants of adequate systemic 6-MP exposure include pharmacogenetics, [8, 10, 11] bioavailability, [12] [13] [14] [15] and adherence to daily oral administration. [16] [17] [18] Number is rounded up to full number. 6-MP=6-mercaptopurine # Around 50% were noncompliant by 6-MP level measurement, ~Number is rounded up to full number. 6-MP=6-mercaptopurine was signed along with the questionnaires asked and blood samples taken all in the same visit.
We disclosed significant association between nonadherence and the low socioeconomic status, noneducation, low educational level, and large sized families of 5 or more which were in agreement with Richardson et al. [31] and Viana et al., [32] respectively. Families with low cultural and socioeconomic conditions presumably have greater difficulty in understanding the disease and properly following medical instructions and prescriptions. [17] de Oliveira et al. [17] found a tendency for the monthly per capita income of the noncompliant group to be inferior to that of the compliant group, which was compatible with other authors' findings. [16, 22, 23, 29] Bonilla stated that therapeutic failures are significantly higher in places where poverty, malnutrition, barriers in communication between doctors and patients and low schooling levels prevail. [33] In our series, those with a higher number of siblings, those who spent more time in each visit and those who did not receive written instructions were all associated with higher rates of nonadherence, but none of them reached a statistically significant value, while those who needed high cost to come for follow-up visits showed significant association with nonadherence by questionnaire but not by 6-MP level measurement. In some countries, 25-45% of families fail to attend clinic at all during the maintenance phase of treatment [34] and in other communities and ethnic groups, it is sometimes difficult to raise family awareness of the necessity of following the treatment in the maintenance phase, a time when children are apparently cured. [23, 35] Lancaster et al. pointed-out other contributing factors for nonadherence in his cohort of 496 children on maintenance 6-MP for ALL, which were the adolescent age and the duration of treatment. [29] Nine patients of his series (2%) had undetectable levels of 6-MP metabolites. Five of them were adolescents and had been receiving treatment for more than 1 year. We agree with him in this respect as most of the 21% of our patients having undetectable serum 6-MP levels were near adolescence but this didn't reach statistical significance. This was in agreement with other studies which showed higher nonadherence rates in adolescents. [20, 21, 24] The biopsychosocial model of adherence suggests that adherence in adolescents may be affected by an individual's subjective assessment of his or her illness and its treatment.
Finally, we conclude that the nonadherence to oral maintenance anti-metabolite chemotherapy is a real problem in pediatric cancer patient. Careful medical history including specific questionnaires can be a very reliable method for the routine follow-up of these children, and drug level assay can be requested only for confirmation. This protocol is especially effective in developing countries where financial resources may be limited. 
